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Although elastography can enhance the diﬀerential diagnosis of thyroid nodules, its diagnostic performance is not ideal at present.
Further improvements in the technique and creation of robust diagnostic criteria are necessary. The purpose of this study was to
compare the usefulness of strain elastography and a new generation of elasticity imaging called supersonic shear wave elastography
(SSWE) in diﬀerential evaluation of thyroid nodules. Six thyroid nodules in 4 patients were studied. SSWE yielded 1 true-
positive and 5 true-negative results. Strain elastography yielded 5 false-positive results and 1 false-negative result. A novel ﬁnding
appreciated with SSWE, were punctate foci of increased stiﬀness corresponding to microcalciﬁcations in 4 nodules, some not
visible on B-mode ultrasound, as opposed to soft, colloid-inspissated areas visible on B-mode ultrasound in 2 nodules. This pre-
liminary paper indicates that SSWE may outperform strain elastography in diﬀerentiation of thyroid nodules with regard to their
stiﬀness. SSWE showed the possibility of diﬀerentiation of high echogenic foci into microcalciﬁcations and inspissated colloid,
adding a new dimension to thyroid elastography. Further multicenter large-scale studies of thyroid nodules evaluating diﬀerent
elastographic methods are warranted.
1.Introduction
The main reasons for the widespread use of thyroid sono-
graphy are availability, low cost, limited discomfort to the
patient, and absence of ionizing radiation. Sonography has
many favourable features, such as detection of nonpalpable
nodules, estimation of nodule size/goiter volume, and guid-
ance for ﬁne needle biopsy (FNB). High-resolution ultra-
soundisverysensitiveindetectionofthyroidnodules,enabl-
ing diﬀerentiation of solid and liquid lesions. Consequently,
the interobserver agreement is high [1].
However,withintroductionofsonographyitbecameevi-
dent that thyroid nodules are very common, with prevalence
ranging from 17% to as much as 67% in some cohorts.
Nodular goiter does not include thyroid cancer, but one of
the main aims of the clinical evaluation is to exclude the
risk of overlooking thyroid cancer which is much less pre-
valent than benign nodules. A hard thyroid nodule on neck
palpation is suggestive of thyroid carcinoma [1].
Sonographic characteristics such as hypoechogenicity,
microcalciﬁcations, and increased nodular ﬂow visualized by
Doppler are all to some extent predictive of malignancy [1].2 Journal of Thyroid Research
Microcalciﬁcations visible on ultrasound examination are
considered to be a speciﬁc feature of thyroid cancer (85,8–
95%); however, the sensitivity of this sign is relatively low
(29–59%) [2]. Presence of calciﬁcations doubles the risk
of malignancy, whereas microcalciﬁcations increase the risk
of thyroid cancer three-fold [3]. However, in pathologic
examinations of benign thyroid nodules-inspissated colloid,
ﬁbrosis, and microcalciﬁcations often coexist [4].
The estimation of tissue hardness is a very ancient
diagnostictoolinmedicine.Palpation—theearliestandmost
common form of tissue hardness estimation—was practiced
by Egyptian physicians as early as 2600 BC [5].
A more recent and sophisticated method of imaging
of tissue hardness is the technique known as elastography.
The term “elastography” was coined by Ophir et al. [6]t o
refer to an ultrasound-based imaging technique, where local
axial strains were estimated by computing the gradient of
axial shifts in echo arrival times along the ultrasound beam
direction following quasistatic tissue deformation. Elasto-
g r a p h y ,h o w e v e r ,h a sn o wb e e nu s e da sam o r eg e n e r a lt e r m
to identify methods that image tissue stiﬀness, using diﬀer-
ent imaging modalities for example, ultrasound, magnetic
resonance imaging, optical coherence tomography, diﬀerent
perturbationtechniquestodeformtissue,basedontheelasti-
city parameter being measured or imaged [7]. Roughly 20
years have elapsed since the ﬁrst images depicting the local
elastic properties of tissues were obtained. The ﬁrst decade
of development produced a remarkable proliferation of tech-
niques and optimization strategies. In the second decade this
trend continued, but with an important extension to dedi-
cated platforms for conducting clinical trials in the hands of
radiologists and skilled clinicians [8].
There are 3 main types of ultrasound elasticity imaging:
e l a s t o g r a p h yt h a tt r a c k st i s s u em o v e m e n td u r i n gc o m p r e s -
sion to obtain an estimate of strain (quasi-static elastogra-
phy), sonoelastography that uses color Doppler to generate
an image of tissue movement in response to external vibra-
tions (harmonic elastography), and a technique tracking
shear wave propagation through tissue to obtain the elastic
modulus (transient elastography) [5].
The ﬁrst commercially available, clinical ultrasound
scanners with option of tissue elasticity evaluation were
equipped with strain elastography. Application of strain elas-
tography to thyroid nodules examination resulted in diﬀer-
ent results of evaluation of usefulness of this technique in
regard to diﬀerential diagnosis of benign and malignant
thyroid nodules [9–14]. Diagnostic value of strain elastog-
raphy is limited in evaluation of small nodules, large nodules
(with diameter approaching or exceeding the length of the
probe), nodules with calciﬁcations, and nodules with liquid
content.Diﬀerentresultsareobtainedindiﬀerentanatomical
planes (e.g., axial versus sagittal), and the reproducibility is
poor. Finally, multinodular goiters with scarce or no normal
thyroidtissueforreferencearediﬃculttoevaluate[9,11–16].
The new generation of elasticity imaging called super-
sonic shear wave elastography (SSWE) has been introduced
since 2006 to imaging of superﬁcial organs as breast and thy-
roid with high-frequency linear probes [17–21]. This type of
transient elastography does not require the compression of
the tissues during their elasticity examination. The obtain-
ed information is based on calculated elastic modulus (des-
cribed in kPa) of the examined tissues. Based on multina-
tional large-scale studies in the ﬁeld of breast cancer detec-
tion and characterization, SSWE proved to be highly repro-
ducible, and it increased speciﬁcity without loss of sensitivity
[20, 21]. In the ﬁeld of thyroid SSWE, it was proved that
autoimmune thyroiditis does not hinder the evaluation of
elasticity of thyroid nodules [20].
The aim of this study was to compare the usefulness of
the new supersonic shear wave imaging elastography with
strain elastography in evaluation of thyroid nodules.
2. Methods
During a few weeks trial time in 2010, four consecutive
patients with single thyroid nodule (n = 1) and nodular
goiter (n = 3) were evaluated. Approval for this study was
obtained from the Ethics Committee of the Medical Univer-
sity of Warsaw, and all patients provided informed consent.
TheBmodeandpowerDopplerultrasoundofwholethyroid
and neck lymph nodes was performed. Six dominant thyroid
nodules (in regard to B-mode and power Doppler ultra-
sound features) were evaluated with shear wave and strain
elastography qualitatively and quantitatively as well as some
withcontrast-enhancedultrasound(Sonovue(Bracco)).The
examinations were performed with following scanner: Aix-
plorer (Supersonic Imagine Inc. France)—SSWE, Aplio
XG (Toshiba, Japan)—strain elastography, Technos (Esaote,
Italy)—contrast-enhanced ultrasound, with linear high-
resolutiontransducers:15–4MHz,18–7MHz,and,8–3MHz
respectively. For strain elastography, we adopted qualitative
scale of Rubaltelli et al. with threshold score of 2/3 [22]
and quantitative scale of Cantisani et al. with threshold thy-
roid tissue/nodule strain ratio of 2 [23]m e a s u r e dw i t h
Elasto-Q (Toshiba). For shear wave elastography, we adopted
quantitative scale of Sebag et al. with the threshold stiﬀness
(mean elastic modulus) of thyroid nodule of 65kPa [19].
Theﬁnaldiagnosis wasbasedonclinicalevaluation,multiple
FNB, 1 year followup, or surgery.
3. Results
Final diagnosis (pathology examination after surgery in 5
nodules, double FNB, and 1 year followup in 1 nodule)
was established: 1 papillary carcinoma (Figure 1), 4 colloid
nodules, and 1 benign nodule (Figure 2).
Shear weave elastography revealed 1 true positive and 5
true negative diagnoses in regard of thyroid cancer.
Strain elastography revealed 5 false positive and 1 false
negative diagnoses.
False positive diagnoses with strain elastography were
found in nodules with liquid (not evident on B-mode ultra-
sound)ordegenerativecontentofthenodulesvisibleoncon-
trast-enhanced ultrasound and/or pathology examination. A
novel ﬁnding were the punctate increased stiﬀness foci in
microcalciﬁcations seen in 4 nodules, some not visible on B-
mode ultrasound as opposed to soft inspissated colloid foci
visible on B-mode ultrasound in 2 nodules (Figure 3).Journal of Thyroid Research 3
(a) (b)
Figure 1:Diﬀusesclerosingpapillarycarcinomaoftheleftlobeofthethyroidgland(arrow)inpatientwithmultinodulargoiterandmultiple
colloid nodules (arrow head). (a) on B-mode ultrasound (lower image), the cancer is less suspicious than some of the colloid nodules;
however, on supersonic shear wave elastography (upper image) the nodule presents areas of high stiﬀness (over 75kPa) indicating malignant
lesion. The colloid nodule presents as a lesion with low stiﬀness. (b) on strain elastography, the carcinoma qualitatively and quantitatively
presents features of soft lesion falsely indicating benign nature of the lesion.
(a) (b) (c)
Figure 2: A benign nodule (arrow) of the left lobe of the thyroid gland (with massive degeneration demonstrated on contrast-enhanced
ultrasound and in pathologic examination) in patient with multinodular goiter. (a) on B-mode axial section, the nodule is markedly
hypoechoic,tallerthanwide,withsomewhatill-deﬁnedmarginsandhighechogenicfocisuggestingmicrocalciﬁcations,asuspiciousnodule.
(b)onstrainelastography,thenodulebothqualitativelyandquantitativelypresentsasveryhardsuspiciousofcancer.(c)onsupersonicshear
wave elastography (upper image), the lesion is very soft, truly indicating its benign nature, with some stiﬀ calciﬁcations in the capsule.
4. Discussion
Supersonic shear weave elastography consists of the genera-
tion of remote radiation force by focused ultrasonic beams,
the so-called “pushing beams,” a patented technology called
“Sonic Touch” [19]. Using Sonic Touch, ultrasound beams
are successively focused at diﬀerent depth in tissues. The
source is moved at a speed that is higher than the speed of
the shear waves that are generated. In this supersonic regime,
shear waves are coherently summed in a “Mach cone” shape,
which increases their amplitude and improves their pro-
pagation distance. For a ﬁxed acoustic power at a given
location, Sonic Touch increases shear wave generation eﬃ-
ciency by a factor of 4 to 8 compared to a nonsupersonic
source [24]. After generation of this shear wave, an ultrafast
echographic imaging sequence is performed to acquire
successive raw radiofrequency dots at a very high-frame rate
(up to 20000 frames per second). Based on Young’s modulus
formula, the assessment of tissue elasticity can be derived
from shear wave propagation speed. A color-coded image
is displayed, which shows softer tissue in blue and stiﬀer
tissue in red. Quantitative information is delivered; elasticity
is expressed in kilo-Pascal (kPa) [19].
This preliminary paper based on small number of cases
indicates that SSWE indicated correctly thyroid nodules
suspicious for cancer in contrast to strain elastography. False
positives on strain elastography could be due to liquid or
degenerative content of nodules.
However, imaging with SSWE, as a sensitive method of
evaluation of stiﬀness of human tissue, the operator should
be aware of physiological processes inﬂuencing the elasticity
and easily apply a few rules to avoid artifacts (Figures 4, 5
and 6) (Supplementary material 1-cine loop video). Among
well-known artifacts on SSWE that should be mentioned is4 Journal of Thyroid Research
(a) (b) (c)
Figure 3: A colloid nodule in a patient with nodular goiter and papillary carcinoma. (a) on supersonic shear wave elastography (upper
image) the colloid nodule (full circle) is very soft with punctuate increased stiﬀness (arrow head) representing microcalciﬁcations (some
not visible on B-mode lower image), in contrast to bigger high echogenicity foci (arrow), which are soft and represent inspissated colloid as
evident on subsequent images. (b) presents comet tail artifacts (arrow heads) that change the direction with steering of ultrasound beam (c)
indicating the nature of this artifact that is attributable to inspissated colloid in thyroid nodule.
(a) (b)
Figure 4: Phantom studies illustrating well-known physiologic phenomenon of increase of perceived tissue stiﬀness with applied increased
pressure (e.g., during palpation of tissues). (a) on a breast phantom study a stiﬀ inclusion (arrow) is seen with no pressure applied at
ultrasound probe. The distance from the surface, the stiﬀness of the inclusion and surrounding medium (dotted circle) can be measured.
(b) with application of pressure on the phantom with ultrasound probe, which is evident as a reduced distance of the inclusion to the
surface of the phantom, the stiﬀness of the inclusion and surrounding medium is increased. Thus, the measurements of stiﬀness of tissues
with supersonic shear wave elastography should be performed in a resting state without pressure on the ultrasound probe to avoid the
unpredictable inﬂuence of the compression on the stiﬀness of the tissues.
the one that can be encountered in any region when the
SSWE can be applied: the increased stiﬀness of the structures
under externally applied pressure (Figures 4 and 5)( S u p -
plementary material 1-cine loop video) that can be due
to nonlinear elastic eﬀects, well explained by theory [25].
Another artifact that can be encountered in thyroid SSWE
is one of increased stiﬀness in the isthmus of the thyroid
due to trachea (Figure 6). It can be avoided with imaging in
paracoronal plane of the nodule that does not incorporate
the trachea. However, it is important to state that these
artifacts when properly interpreted do not hinder the accu-
rate diagnosis.
Supersonic shear wave elastography may add a new
dimension to ultrasound evaluation of thyroid nodules in
several ways, for example:
(a) improve general performance in elasticity diﬀerenti-
ation of thyroid nodules over strain elastography due
to its high reproducibility, independence of examin-
e r ss k i l la n dn u m e r a ls c a l eo fe l a s t i c i t ym e a s u r e m e n t
in kPa;
(b) overcome the limitations of strain elastography:
(i) nodules with liquid components or with degen-
erative changes;
(ii) small nodules (very good spatial resolution of
the technique);
(iii) large nodules (possibility of subsequent deter-
mination of stiﬀ regions even of large nodules,
without the need of visualizing the whole
nodule on one image);
(iv) multinodular goiter with no or scarce normal
thyroid tissue as a reference;
(c) diﬀerentiation between soft-inspissated colloid and
stiﬀ microcalciﬁcations;Journal of Thyroid Research 5
Figure 5: An artifact (arrow) from tissue compression on elas-
togram (upper image) in patient with Hashimoto thyroiditis, with
no real focal lesions evident on B-mode ultrasound (lower image).
Ah a r ds t i ﬀ pseudolesion is generated (see also Supplementary
material 1 available online on doi: 10.1155/2012/657147). To avoid
such artifacts no pressure on the probe during elasticity evaluation
should be applied.
(a)
(b)
Figure 6: A benign thyroid nodule in a patient with solitary nodule
in the thyroid isthmus that was suspicious on power Doppler
ultrasound(notshown).TheSSWEwastruenegativeandthestrain
elastography was false positive for thyroid cancer. (a): The thyroid
nodule in coronal plane on supersonic shear wave elastography
(SSWE) (upper image) and B-mode ultrasound (lower image). The
nodule is very soft on SSWE in contradiction to strain elastography
(b). In the centre of the circular ROIs punctuate increased stiﬀness
of small calciﬁcations that are also visible on B-mode (lower image)
is seen. Also artifacts of increased stiﬀness in the isthmus of the
thyroid are visible. These artifacts are due to trachea (star arrow)
andcanbeavoidedwithimaginginparacoronalplaneofthenodule
that does not incorporate the trachea. (b): The thyroid nodule
(ROI 1-yellow) on strain elastography in sagittal plane, where the
comparison with upper part of normal tissue of isthmus (ROI
2-pink) is possible. The strain color map (left) presents mostly
stiﬀ nodule-thyroid nodule score 3. The time-strain graph (right)
presents that the lesion is more than 2 times stiﬀer than thyroid
tissue.
(d) visualization of microcalciﬁcations, even not visual-
ized on B-mode imaging (may increase sensitivity
and decrease speciﬁcity of thyroid cancer diagnosis);
(e) introduction of three-dimensional elastographic
images to routine clinical practice and to national
thyroid cancer databases [26], as this technique is
already available and enables rapid acquisition of
3D ultrasound and elastographic data. This would
devoid diagnostic process and data archiving of
image selection bias attributable to 2D ultrasound
examination.
Further multicenter large scale studies of thyroid nodules
evaluating diﬀerent elastographic methods are warranted,
including (a) investigation of developmental models of dis-
eases that link biomechanical properties (elastography ﬁnd-
ings) with genetic, cellular, biochemical, and gross patholog-
i c a lc h a n g e s ;( b )c o m p a r i s o no fa c c u r a c yo fd i ﬀerent elas-
tographic methods; (c) establishment of optimal diagnostic
elastographic criteria; (d) establishment of limitations of dif-
ferent elastographic methods in relation to evaluation of thy-
roid pathology.
Abbreviations
FNB: Fine-needle biopsy
SSWE: Supersonic shear wave elastography
kPa: Kilo-Pascal.
Conﬂict of Interests
The authors declare that they have no conﬂict of interests.
Acknowledgments
This paper and publication was supported by the Grants
N N402 476437 (2009–2012) and N N402 481239 (2010–
2013) from the Ministry of Science and Higher Education
of Poland. The authors thank Miro, Inc., Poland, a represen-
tative of Supersonic Imagine, Inc., France for lending the
Aixplorer for trial. Material displayed as oral presentation at
10thInternationalTissueElasticityConference,October,12–
15 2011, Arlington, TX, USA.
References
[1] M.Tonacchera,A.Pinchera,andP.Vitti,“Assessmentofnodu-
lar goiter,” Best Practice & Research, vol. 24, no. 1, pp. 51–61,
2010.
[ 2 ]N .K h a t i ,T .A d a m s o n ,K .S .J o h n s o n ,a n dM .C .H i l l ,“ U l t r a -
sound of the thyroid and parathyroid glands,” Ultrasound
Quarterly, vol. 19, no. 4, pp. 162–176, 2003.
[3] M. C. Frates, C. B. Benson, P. M. Doubilet et al., “Prevalence
and distribution of carcinoma in patients with solitary and
multiple thyroid nodules on sonography,” Journal of Clinical
Endocrinology and Metabolism, vol. 91, no. 9, pp. 3411–3417,
2006.
[4] R. Slapa, W. Jakubowski, J. Slowinska-Srzednicka, J. Bierca,
and K. Szopinski, “How can new ultrasound techniques that
enhance visualization of calciﬁcation/microcalciﬁcation-like6 Journal of Thyroid Research
echogenic foci inﬂuence the ultrasound evaluation of thyroid
nodules?” in Proceedings of the Annual American Institute of
Ultrasound in Medicine Convention, pp. S47–S48, New York,
NY, USA, April 2011.
[5] B. S. Garra, “Imaging and estimation of tissue elasticity by
ultrasound,” Ultrasound Quarterly, vol. 23, no. 4, pp. 255–268,
2007.
[6] J. Ophir, I. Cespedes, H. Ponnekanti, Y. Yazdi, and X. Li,
“Elastography:aquantitativemethodforimagingtheelasticity
of biological tissues,” Ultrasonic Imaging, vol. 13, no. 2, pp.
111–134, 1991.
[7] T. Varghese, “Quasi-static ultrasound elastography,” Ultra-
sound Clinics, vol. 4, no. 3, pp. 323–338, 2009.
[8] K. J. Parker, M. M. Doyley, and D. J. Rubens, “Imaging the
elastic properties of tissue: the 20 year perspective,” Physics in
Medicine and Biology, vol. 56, no. 1, pp. R1–R29, 2011.
[9] C.Vorl¨ ander,J.Wolﬀ,S.Saalabian,R.H.Lienenl¨ uke,andR.A.
Wahl,“Real-timeultrasoundelastography-anoninvasivediag-
nostic procedure for evaluating dominant thyroid nodules,”
Langenbeck’s Archives of Surgery, vol. 395, no. 7, pp. 865–871,
2010.
[10] T. Rago, M. Scutari, F. Santini et al., “Real-time elastography:
useful tool for reﬁning the presurgical diagnosis in thyroid
nodules with inderterminate or nondiagnostic cytology,” The
Journalof ClinicalEndocrinology & Metabolism,vol. 95, no.12,
pp. 5274–5280, 2010.
[11] P. V. Lippolis, S. Tognini, G. Materazzi et al., “Is elastography
actually useful in presurgical selection of thyroid nodules with
indeterminatecytology?”TheJournalofClinicalEndocrinology
& Metabolism, vol. 96, no. 11, pp. E1–E5, 2011.
[12] R.Kagoya,H.Monobe,andH.Tojima,“Utilityofelastography
for diﬀerential diagnosis of benign and malignant thyroid
nodules,” Otolaryngology, vol. 143, no. 2, pp. 230–234, 2010.
[13] K. S. S. Bhatia, D. P. Rasalkar, Y. P. Lee et al., “Cystic change in
thyroidnodules:aconfoundingfactorforreal-timequalitative
thyroid ultrasound elastography,” Clinical Radiology, vol. 66,
no. 9, pp. 799–807, 2011.
[14] R. Z. Slapa, W. S. Jakubowski, J. Bierca, B. Migda, and
J. Slowinska-Srzednicka, “Diagnostic performance of strain
elastography in multinodular thyroid goiter is unsatisfactory,”
in Proceedings of the 10th International Tissue Elasticity
Conference, p. 90, Arlington, Tex, USA, October 2011.
[15] S. H. Park, S. J. Kim, E.-K. Kim, J. K. Min, J. S. Eun, and J. Y.
Kwak, “Interobserver agreement in assessing the sonographic
and elastographic features of malignant thyroid nodules,”
American Journal of Roentgenology, vol. 193, no. 5, pp. W416–
W423, 2009.
[16] B. Cakir, C. Aydin, B. Korukluoglu et al., “Which axis should
be performed for elastography scoring in thyroid nodules?” in
Proceedings of the 14th International Thyroid Congress, Paris,
France, September 2010.
[17] M.Tanter,J.Bercoﬀ,A.Athanasiouetal.,“Quantitativeassess-
ment of breast lesion viscoelasticity: initial clinical results
using supersonic shear imaging,” Ultrasound in Medicine and
Biology, vol. 34, no. 9, pp. 1373–1386, 2008.
[18] A. Evans, P. Whelehan, K. Thomson et al., “Quantitative shear
waveultrasoundelastography:initialexperienceinsolidbreast
masses,” Breast Cancer Research, vol. 12, no. 6, article R104,
2010.
[19] F. Sebag, J. Vaillant-Lombard, J. Berbis et al., “Shear wave
elastography:anewultrasoundimagingmodeforthediﬀeren-
tial diagnosis of benign and malignant thyroid nodules,” The
Journalof ClinicalEndocrinology & Metabolism,vol. 95, no.12,
pp. 5281–5288, 2010.
[ 2 0 ]D .O .C o s g r o v e ,W .A .B e r g ,a n dC .J .D o r e ,“ S h e a rw a v ee l a s -
tography for breast masses is highly reproducible,” European
Radiology, vol. 22, no. 5, pp. 1023–1032, 2012.
[21] W. A. Berg, D. O. Cosgrove, C. J. Dore et al., “Shear-wave
elastography improves the speciﬁcity of brest US: the BE1
multinational study of 939 masses,” Radiology, vol. 262, no.
2, pp. 435–449, 2012.
[22] L. Rubaltelli, S. Corradin, A. Dorigo et al., “Diﬀerential diag-
nosisofbenignandmalignantthyroidnodulesatelastosonog-
raphy,” Ultraschall in der Medizin, vol. 30, no. 2, pp. 175–179,
2009.
[23] V. Cantisani, P. Ricci, M. Medvedeieva et al., “Prospective
evaluation of multiparametric ultrasound and quantitative
elastosonography in the diﬀerential diagnosis of benign and
malignant thyroid nodules,” Insights into Imaging, vol. 2, sup-
plement 1, p. 180, 2011.
[24] J. Bercoﬀ, “Shear wave elastography,” SuperSonic Imagine,
2008, http://www.supersonicimagine.fr/.
[25] J.-L. Gennisson, M. R´ enier, S. Catheline et al., “Acoustoelastic-
ity in soft solids: assessment of the nonlinear shear modulus
with the acoustic radiation force,” Journal of the Acoustical
Society of America, vol. 122, no. 6, pp. 3211–3219, 2007.
[26] R. Z. Slapa, W. S. Jakubowski, J. Slowinska-Srzednicka, and K.
T. Szopinski, “Advantages and disadvantages of 3D ultrasound
of thyroid nodules including thin slice volume rendering,”
Thyroid Research, vol. 4, no. 1, 2011.